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Technical Field 
5 The present invention relates to a p r o c e s s i n a 

unit, v;hich i-s in corporate a' "into a mobile 
communication apparatus, for performing an ASC 
(Addition, Comparison, and Selection) operation of 
particularly a Viterbi decoGing. 

10 Back ground Art 

In data communications in a mobile radio 
.communication network, since a bit error frequently 
occurs, an e>:ecution of an error correction 
processing is needed. In the error correction 

15 methods, there is a method in which a convolutional 
code generated from an input bit is decoded by 
Viterbj. decoding on a receiver side. In the error 
correction processing, a digital signal processor 
(hereinafter referred to as "DS?") is used. 

20 The Viterbi decoding repeats the simple 

processing such as addition, com.parison, and 
selection and performs a trace- back operation for 
. finally data, thereby re.alizing a maximum 
likelihood decoding of the convc^lutional code. 

2 5 The f c 1 1 c A i n g will briefly explain the Viterbi 

decoding processing. The convolutional code is 
ge n era ted.by mode 2 addition of input bits and a fixed . 
number of bits precedent thereto. Then, a plurality 
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of coding data is generated to correspond to one bit 
of the input bits. • A number of input information 
bits having influence upon the coding data is called 
constraint length (K). The number of input 
5 information bits is equal to a number of stages of 
shift registers used in mode 2 addition. 

The coding data is determined by the input bits 
and a state of the preceding (K-1) input bits. When 
a new information bit is/input , the state of the input 

10 bits transits to a new state. The state in which 
coding data transits is determined by whether the 
new input bit is "0" or "i." Since the respective 
(K-1) bits are "1" or "0", a number of states in which 
coding data transits becomes 2^^"^'. 

15 In the Viterbi decoding, received coding data 

sequence is observed, and the most-likely state is 
estimated from all obtainable state transitions. 
For this reason, every time when coding data 
(received data sequence) corresponding to one bit 

20 of information bits, an inter- signal distance 
(metric) of the respective paths to each state at 
that point is computed. - Then, operations for 
leaving a path having a smaller metric among the 
paths reaching the same state as a survivor, 'are 

25 sequentially repeated. 

As shown in a state transition diagram of FIG. 
1, in a convolutional encoder having a constraint 
length K, two paths each showing a state transition 



from each of state S[n] and S[n + 2^'^"'M at one previous 
point • extend to a state S[2n](n= positive integer) 
at a certain point. For example, in a case of K = 
3, a transition from each of S[l] (state SOI) and 
S[3] (state Sll) to S[2](state S10)(state in which 
preceding two bits are input in order of "1" and " 0 " ) 
.at the time of n = 1 is possible. Also, at the time 
of n = 2 , a transition from each of S[2] (state SIO) 
and S[4](state SOO) t o -S [ 4 ] ( s t a t e SOO)(state shown 
by low-order two bits) is possible. 

A path metric *'a" is a sum of an inter-signal 
distance (branch metric) "x" between an output 
symbol of the path inputting to the state S[2n] and 
the received data sequence and a path metric "A." 
The path metric "A" is the total sura of branch metrics 
of the survivor paths up to the state S[n] at one 
previous state. Similarly, a- path metric "b" is a 
sum of an inter-signal distance (branch metric) "y" 
between an output symbol of the path inputting to 
the state S[2n] and the received data sequence and 
a path metric "B." The path metric "B" is the total 
sum of branch metrics of the survivor paths up to 
the state S[n + 2^*^'^M at one previous point. In the 
Viterbi decoding, the path metrics "a" and "b" 
inputting to'the state S[2n] are compared with each 
other, and the smaller path is selected as a survivor 
pat h . 

In the Viterbi decoding, each processing of 



addition for obtaining the path metric, comparison 
between the path metrics and the selection of path 
is executed with respect to 2^^'^* states at each point. 
Moreover, in the selection of path, a history 
showing which path has been selected is left as a 
path select s i"gnal .E^U 1 , [1= 0 to 2*'''^*-l]. 

At this time, if a' subscript (e.g., n) of one 
previous state of the selected path is smaller than 
a subscript {n + 2^^'^M o"f one previous state of the 
non-selected other path, PS[i]=0" is established. 
If the subscript (n) it is larger than -the subscript 
(n + 2^^'^M. PS[i]=l is established. 

In the case of FIG. 1, since n<(n + 2^^'^') is 
established, the state S[n+2*^"^M is selected at the. 
time of a>b and PS[S2n]=l is established, and the 
state S[n] is selected at the time of a^b and 
PS[S2n]=0 is established. 

Then, in the Viterbi decoding, data is decoded 
.while being traced back to the path finally survived 
based on the path seJ. act signal. 

The following will explain the conventional 
processing unit for Viterbi decoding, TMS320C54x, 
which is a general processing unit, (manufactured 
by TEXAS INSTRUMENTS, hereinafter referred to as 
"C54x") being given as one example. In a GSM 
cellular radio system, equation (1) set forth belov/ 
is used as a con vo lu t ional code. 

Gl (D) =1+D3+D4 
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G2{D)=1 + D + D3 + D4 ... (1) 

The above convolutional code is expressed by 
a trellis diagram of a butterfly structure shown in 
FIG. 2. The trellis diagram shows a state in which 
■5 the convolutional code transits from a certain state 
to another state. Let us assume that ,-C_Qns train t 
length K is 5. States of 2*^'^^ = 16 or 8 butterfly 
structures are present for each symbol section. 
Then, two branches are" input in each state, and a 
10- new path metric is determined by the ACS operations. 
The " branch metric can be defined as the 
following equation (2). 

M=SD(2*i)*B(J,0)+SD(2*i+l)*B(j,l) ... (2) 

where SD(2*i) denotes a first symbol of a symbol. 
15 metric showing a soft decision input, and SD(2*i+l) 
denotes a second symbol of the symbol metric. 
B(J,0)and B(3,l) conform to codes generated by a 
convolutional encoder as shown in FIG. 3. 

In C54x, an arithmetic logic section 
20 (hereinafter referred to as "ALU") is set to a dual 
16-bit mode, thereby processing the butterfly 
structure at high speed. The determination of a nev; 
path metric (j) can be obtained by calculating two 
path metrics {2*J and 2*J+l) and the branch metrics 
25 -{M and -M)in parallel based on a DSADT instruction 
and executing a comparison based on a CMP3 
instruction. The determination of a new path metric 
(j + 8") can be obtained by calculating two path 
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metrics and the branch metrics (M and -M) in parallel 
based- on the DSADT instruction. The calculation 
results are stored in high and low order bits of a 
double-precision accumulator, respectively. 
5 The CM.PS. ins truct ion compares the high and low 

order bits of the accumulator and stores a larger 
value in a memory . Also, every time when the 
comparison is executed, which value is selected is 
written in a 16-bit transition register (TRN). The 

10 content written to the TRN is stored in the memory 
every time when each symbol processing is ended. 
Information to be stored in the memory is used to 
search a suitable path in the trace-back processing. 
FIG. 4 shows a macro program for a butterfly 

15 operation of the Viterbi decoding. 

The values of the branch metrics are stored in 
the T register before the macro is called, FIG. 5 
■shows an example of a memory mapping of the path 
metrics . 

20 8 butterfly operations are executed in one 

symbol section and 16 new states are obtained. This 
series of processing is repeatedly computed over 
several sections. After the end of the processing, 
the trace-back is executed so as to search a suitable 

25 path from 16 paths. Thereby, a. decoding b.it 
sequence can be obtained. 

The mechanism of the ACS operations of the C54x, 
which is the general DSP. can be thus explained. Then, 
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in C54x, and the updates of two path metrics are 
realized with 4 machine cycles from the example of 
the macro program of FIG. 4. 

In the future, there is expected an increase 
5 in demand for non-voice communications requiring 
high quality transmission with a lower bit error 
rate than voice communications. As means for 
achieving the low bit error rate, there is means for 
increasing the constraint length K of the Viterbi 

10 decoding . 

However, if the constraint length is increased 
by a value corresponding to one bit, a number of path 
metrics (number of states) doubles. For this reason, 
a number of operations in the Viterbi decoding using 

15 DSP double. Generally, an amount of information in 
non-voice communications is larger than the amount., 
of information in voice com.municat ions . If the 
amount of information increases, the .number of 
operations in the. Viterbi decoding including the ACS 

20 operation also increases. An increase in number of 
operations using DSP makes it difficult to maintain 
a battery fo.r a portable terminal for a long period 
of time . 

For the purpose of downsizing the portable- 
25 terminal, reducing th-e weight, and lowejcing the cost, 
an. area processed by a special LSI has been also 
designed to be implemented in one chip form using 
a DSP processing in recent years. 



However, an increase in the number of 
operations using • DSP exceeds the processing 
capability of the existing DSP, thereby making it 
impossible to be implemented in one chip form using 
DSP . 

Moreover, if the function of DSP is highly 
enhanced to increase the number of operations, an 
increase in the cost of DSP itself is brought about. 
As a result , the reduction in the cost of the portable 
terminal cannot be realized. 
Disclosure of Invention 

A first object of the present invention is to 
provide a processing unit for efficiently 
processing an ACS operation of the Vite.rbi decoding 
by use of DSP with a small investment in software. 

The above object can be attained by arranging 
two pairs of comparing sections, an adding section, 
and a storing section for storing a comparison 
result in the processing unit and by executing the 
ACS operation in parallel. 

Brief Description of Drawings 

FIG. 1 is a trellis diagram ■ shov;ing a path of 
a state transition of a convolut ional encoder in' 
Viterbi decoding; 

FIG. 2 is a schematic diagr.am showing a 
butterfly structure of the trellis diagram; 

FIG. 3 is a schematic viewshowing an example 



■of codes generated by the convolu t ional encoder; 

FIG. 4 is a program view showing' an example of 
a Viterbi operation for channel coding; 

FIG. 5 is a schematic view showing a pointer 
control and an example of pa.th metric storage; 

F-IG. 6 is a block diagram showing the structure 

of the processing unitof the first embodiment of 
thepresentinvention; 

FIG. 7 is a block diagram showing an example 
of the con volut ional encoder having a code rate 1/2; 

FIG. 8 is a schematic view showing the butterfly 
structure where a constraint length K = 4; 

FIG. 9 is a block diagram showing the structure 
of the processing unit, of the second embodiment of- 
the present invention; 

FIG. 10 is a timing view explaining a pipe line 
operation of the processing unit of the second 
embodiment of the present invention; 

FIG. 11 is a schematic view showing an example 
of a memory access operation of RAM of the second 
embodiment of the present invention; 

FIG. 12 isablock diagram showing the structure 
of the processing unit of the third embodiment of 
thepresentinvention; 

FIG. 13 is a schematic view showing an example 
of a memory access operation of a dual port RAM of 
the third embodiment of the present invention; 

FIG. 14 is a block diagram showing the structure 
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.of the processing unit of the fourth embodiment of 
the present invention; 

FIG. 15 is a timing viev/ explaining a pipe line 
operation of the processing unit of the fourth 
embodiment of the present invention; 

FIG. 16 is a block .dldy ram showing the structure 
of the processing unit of the fifth embodiment of 
the present invention; 

FIG. 17 is a view showing ACS operation results 
of the processing unit of the sixth embodiment of 
thepresentinvention; 

FIG. 18 is a block diagram showing the structure 
of the processing unit of the sixth embodiment of 
the present invention-; 

FIG. 19 is a block diagram showing the structure 
of the processing unit of the seventh embodimen t of 
thepresentinvention;' 

FIG. 20 is a block diagram shewing the structure 
of the processing unit of the eighth embodiment of 
the present invention; 

FIG. 21 is an input/output view of a 4:2 
compressor of the eighth embodiment of the present 
invention ; 

FIG. 22isablock dia gr am showing the structure 
of the processing unit of the ninth embodiment of 
the present invention; 

FIG. 23_is a view showing a carry control of 
a double-precision .^U; 
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FIG. 24 is a block diagram showing the structure 
of the processing unit of the tenth embodiment of 
thepresent invention ; 

FIG. 25 is a block diagram showing the structure 
5 of the processing unit of the eleventh embodiment 
of the present invention; 

FIG. 26 is block diagram showing the structure 
of a mobile station apparatus of the twelfth 
embodiment of the present invention; 
10 FIG. 27 is a block diagram showing the structure 

of the mobile station apparatus of the thirteenth 
embodiment of the present invention;, 

FIG. 28 a block diagram showing the structure 
of a base station apparatus of the fourteenth 
15 embodiment of the present invention; and 

FIG. 29 a block diagram showing the structure 
of the base station apparatus of the fifteenth 
embodiment of the present invention. 

20 Best Mode for Carrying Out the Invention 

Embodiments of the present invention will now 
be described with reference to the accompanying 
drawings . 

(First Embodiment) 
25 - FIG. 6 isa block" diagram showing the structure 

of the processing unit of the first embodiment of 
the present invention. In FIG. 6, a path metric 
storing 'section 1 stores path metrics, and a data 
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supply and a transfer of an operation result are 
executed via a bus- 2. A branch metric storing 
section 3 stores branch metrics and a data supply 
is executed via a bus 4. 
5 Comparing sections 5 and 9 compare data input 

from the path metric storing section 1 and the branch 
metric storing section- 3 via the buses 2 and 4, 
respectively-. 

Adding sections 6 .and 10 add data read from the 
10 path metric storing section 1 and the branch metric 
storing .section 3 via the buses 2 and 4, 
respectively . 

A comparison result storing section 7 stores 
a comparison result of the comparing section 5, and 
15 a comparison result storing section 11 stores a 
comparison result of the comparing section 9. Then, 
the comparison result storing sections 7 and 11 
transfer the comparison results in the path metric 
storing section 1 via the bus 2. 
20 A selecting section 8 inputs an adding result 

of the adding section 6 and determines an output 
based on the comparison result of the comparing 
section 5. A selecting section 12 inputs an adding 
result of the adding section 10 and determines an 
25 output based on the comparison result of the 
comparing section 9. Then, the selecting sections 
8 and 12 transfer the outputs determined based on 
the comparison results to the path metric storing 
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section 1 via a bus 13. 

Next, the following will explain ACS operation 
of the processing unit of the first embodiment with 
reference to the drawings. In the explanation set 
5 forth below, it is assumed that data to be decoded 
is ones that are coded by a convolut ional encoder 
of FIG. 7 where a constraint length K = 4 and a code 
rate 1/2. Also, data type of the path metrics and 
that of the branch metr ic s are single-precision data. 

10 Then, when double - preci s i o n data is set to (X, Y) 
for the s'ake of convenience, a high order position 
of the d cub 1 e - pr e c i s io n data is set to X and a low 
order position thereof is set to Y. 

Four branch metrics are set to BMO , BMl , BM2 , 

15 BM3 , respectively. If a state transition is 
illustrated using these branch metrics, the 
butterfly structure is shown as in FIG. 8. 

Here, attention should be paid to nodes NO and 
Nl of an old state. The transition destinations of 

20 the nodes NO and Nl are nodes N'O and N'4, 
respectively . 

Then, a branch metric, which is obtained at the 
time of the transition from the node NO to the node 
N'O, is B MO, .and a branch metric, which is obtained 

25 at the time of the transit-ion from the node Nl to 
the node N'O, is BMl. Also, a branch metric, which 
is obtained at the time of the transition from the 
node NO to the node N'4, is BMl, and a branch metric. 



14 

which is obtained at the time of the transition from 
the node Nl to the node N'4, is BMO . 

Thus, the path metric PMO of the node NO and 
the path metric PMl of the node Nl are replaced with 
branch metrics BMO and BMl, respectively, and these 
metrics are added. Thereby, path metric PM ' 0 of the 
node N'O and path metr-ic PM ' 4 of the node N'4 are 
obtained. 

Then, this relationship can be applied to the 
other pairs of nodes (a pair of nodes N2 and N3 , a 
pair" of nodes N4 and N5, a pair of nodes N6 and N7). 

The inventor of the present invention paid 
attention to this relationship, and found out that 
two path metrics could be updated simultaneously by 
processing the ACS operation in parallel and that 
processing time could be reduced. This led to the 
present invention. 

The ACS operation of the node N'O to N'3 in the 
first half is executed by the comparing section 5, 
the adding section 6, the comparison result storing 
section- 7, and the selecting section 8. In parallel 
with this operation, the ACS operafion of the node 
N'4 to N'8 in the second half is executed by the 
comparing section 9, the adding section 10, the 
comparison result storing section 11, and the 
selecting section 12. The following will 

specifically explain the ACS operation from nodes 
NO and Nl to nodes N'O and N'4. 
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First, two path metrics (PMl, PMO ) are output 
to the bus 2 from the path metric storing section 
1, On the other hand, two branch metrics (BMl, BMO) 
are output to the bus 4 from the branch metric storing 
5 section 3. 

Th e co mparing section 5 inputs two path metrics 
(PMl, PMO) from the bus 2 and two branch metrics (BMl, 
BMO) from the bus 4 so as to calculate PMl + BMl- 
PMO-BMO. 

10 The adding section 6 inputs two path metrics 

(PMl, PMO) from the bus 2 an.d two branch metrics (BMl, 
BMO) from the bus 4 so as to calculate PMl+BMl and 
PMO + BMO. Then, the calculation results (as PMl+BMl, 
PMO+BMO) are output to the selecting section 8. 

15 The selecting section 8 inputs the most 

significant bit (hereinafter referred to as "MSB") . 
which is the code bit of the comparison result of 
the comparing section 5, PMl +BM1 - PMO - BMO . Then, 
the selecting section 8 selects as to whether the 

20 high order PMl+BMl is output to the bus 13 or the 
low order PMO+BMO is output thereto from the value 
of the MSB. 

In other words, if the equation (3) shown below 
is established, the MSB is 0 and the selecting 
25" section 8 outputs thelow order PMO+BMO to the bus 
13 as PM'O. Conversely, if the equation (3) is not 
established, the MSB is 1 and the selecting section 
8 outputs the high order PMl+BMl thereto as PM'O. 
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PMl + BMl ^ PMO + BMO ... (3) 

Also, the MSB, which is the comparison result 
of the comparing section 5, is stored in the 
comparison result storage section 7 at the same 
time. 

The comparing section 9 inp uts two path metrics 
(PMl, PMO) from the bus 2 and two branch metrics (BMl, 
BMO) from the bus 4 so as to calculate PMl + BMO- 
PMO-BMl. 

The adding section 10 inputs two path metrics 
(PMl, PMO) from the bus 2 and two branch metrics (BMl, 
BMO) from the bus 4 so as to calculate PMl + BMO and 
PMO + BMl. Then, t h e c al c u 1 a t i o n r e s u 1 1 s (as PMl + BMO, 
PMO+BMl) are output to the selecting section 12. 

The selecting section 12 inputs the MSB of the 
comparison result of the comparing section 9, 
PMl+BMl- PMO-BMl. Then, the selecting section 12 
selects as to v/hether the high order PMl + BMO is 
output to the bus 13 or the low order PMO+BMl is 
output thereto from the value of the MSB, 

In other words, if the equation*(4) shown below 
is established, the MSB is 0 and. the selecting 
section 12 outputs the low order PMO + BMl to the bus 
13 as PM'4. Conversely, if the equation (4) is not 
established, the MSB is 1 and the selecting section 
12 outputs the high order PMl + BMO thereto as PM ' 4 . 

PMl + BMO ^ P_M0 + BM1 ... (4) 

Also, the MSB, which is the comparison result 
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of the comparing section 9, is stored in the 
comparison result storage section 11 at the same 
time. 

The above processing is subjected to the other 
5 node pairs in the same way. As a result, the ACS 
operation of the Viterbi coding using DSP can -b^- 
executed in parallel and the operation processing 
can be performed with relatively a. small amount of 
processing at high speed. 
10 The above embodiment explained the case of the 

constraint length K=4 and the code rate 1/2. 
However, even if the constraint length and the code 
rate are the other values, the above relationship 
is established. Therefore, the change corresponding- 
15 thereto is suitably provided, so that the same 
advantage can be obtained. 
(Second Embodiment) 

FIG. 9- is a block diagram showing the structure 
of the processing unit of the second embodiment of 
20 the present invention. In the processing unit of 
FIG. 9, the sa.me reference numerals are added to the 
portions common to the processing unit of FIG. 6 and 
the explanation is omitted. 

In the processing unit of FIG. 9, the storing 
25 section -for storing the path metrics is formed by 
a RAM 14 having four banks. 

The processing unit of FIG. 9 is suitable for 
the operation processing of a pipeline structure 
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shown in FIG, 10. 

For example, for executing the ACS operation 
at an operation execution stage of n-th + 1 cycle 
in an instruction 1, it is required that addresses 
of the path metrics to be read at a memory access 
stage of n-th cycle should be supplied to the RAM 
1 4 in advance . 

It is assumed that the RAM 14 is a double- 
precision readable RAM that can read an even address 
and an odd address continuously. Then, if the 
following conditions (a) and (b)are satisfied, two 
path metrics used in the operation can be read by 
only designating the even address. 

(a) The path metrics of one state are stored 
at continuous addresses in order of the even address 
and the odd address. 

(b) The path metrics of one state are divided 
into the first and second halves, and each is stored 
in a different bank. 

For example, the path metrics (PMO, PMl, PM2 , 
PM3 in FIG. 8) of the first half of the old state are 
stored in the bank 0 of the RAM 14. Then, the path 
metrics (PM4, PM5 , PM6 , PM7 in FIG. 8) of the second 
half of the old state are stored in the bank 1. In 
this case, two path m'etrics are" generated by 
executing the ACS operation at one cycle, and these 
metrics are stored in banks 2 and 3 via the bus 13, 
respectively. At this time, double - precis ion data 
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is transferred from the bus 13, the path metric of 
the node N'3 is stored in the bank 2 from the node 
N'O, and the path metric of the node N'7 is stored 
in the bank 3 from the node N'. 
5 . FIG. 11 is a schematic view showing an example 

of a memory access operation of the RAM 14 
corresponding to FIG. 8-. 

When the ACS operation of one. state is ended, 
in a next state, the path metrics of the old state 

10 are read from the banks 2 and 3 and the path metrics 
of a new state are stored in the banks 0 and 1. 

Thus , every time when the ACS operation of one 
state is ended, the pair of banks for reading the 
path metrics and the pair of banks for storing the 

15 path metrics are switched using RAM 14 having four 
banks as the storing section for storing the path 
metrics. Thereby, the ACS operation of the Viterbi 
decoding using DSP can be executed in parallel.- 
In the above explanation, the banks 0 and 1 and 

20 the banks 2 and 3 were paired, respectively. 
However, even if the other combinations are used, 
the similar operation can, be executed by only 
changing the address to be used in supplying the 
metrics at rhe memory access stage and the a_ddress 

25 to be used in storing the metrics. Moreover, in'the 
second embodiment, the RAM 14 was formed by four 
ban)cs. However, the similar operation can be 
executed if the number of banks is more than four. 
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(Third Embodiment) 

FIG. 12 is a block diagram showing the structure 
of the processing unit of the third embodiment of 
the present invention. In the processing unit of 
5 FIG. 12, the same reference numerals are added to 
the'portions common to the processing unit of FIG. 
6 and the explanation is omitted. 

In the processing unit of FIG. .12, the storing 
section 3 for storing the path metrics is formed by 
10 a dual RAM 15 having three banks. 

The processing unit of FIG. 12 is suitable for 
the operation processing of the pipe line structure 
shown in FIG . 10. 

Since the storing section for storing the path • 
15 metrics is the dual port RAM 15 in the processing 
• unit of FIG. 12, designation of reading and writing 
to the same bank can be executed with one instruction. 
For example, for executing the ACS operation at an 
. operation execution stage of n-th + 1 cycle in an 
20 instruction 1, an address for reading the path 
metric at a memory access stage of n-th cycle and 
an address for writing the path metric. are supplied 
to the dual port RAM 15. Thereby, at the n-th +1 
cycle, an even address and an odd address can be 
25 continuously read from the dual port RAM 15 so as" 
to execute the ACS operation. Moreover, one path 
metric can be v;ritten to the same bank. 

In the processing unit of the third embodiment. 
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•if the following conditions (a) and (b) are 
satisfied, two path metrics used in the operation 
can be read by only designating the even address, 
(a) The path metrics of one state are stored 
5 "at continuous addresses in order of the even address 
and the od d— a-d-d r e s s . 

( b ) The path metrics of one state are divided 
into the first and second halves, and each is stored 
in a different bank. 

10 For example, the path metrics ( PMO , PMl , PM2 , 

PM3 in FIG. 8) of the first half of the old state are 
stored in the bank 0 of the dual port RAM 15, and 
the path metrics (PM4, PM5, PM6, PM7 in FIG. 8) of 
the second-half of the old state are stored in the 

15 banJc 1. In this case, two path metrics are generated 
by executing the ACS operation at o-ne cycle, and 
these metrics are stored in banks 0 and 2 via the 
bus 13, respectively. At this time, the bus 13 
transfers double - precis ion data, the path metric of 

20 the node N'3 is stored in the bank 0 from the node 
N'O, and the path metric of the node N'7 is stored 
in the bank 2 from the node N'4. 

FIG. 13 is a schematic view showing an example 
of a memory access operation of the RAM 15 

25 corresponding to FIG. 8. 

In the processing unit of FIG. 12, when the ACS 
operation of one state is ended, only the banks 1 
and 2 are sv7 itched. Then, the ACS operation of the 
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'V.iterbi decoding using DSP can be executed in 
parallel without switching the bank 0. 

In the third embodiment, the dual port RAM 15 
was formed by three banks. However, the similar 
operation can be executed if the number of banks is 
more than three. 

{Fourth Embodiment) 

FIG. 14 is a block diagram shov/i'ng the structure 
of the processing unit of the fourth embodiment of 
the present invention. In the processing unit of 
FIG. 14, the same reference numerals are added to 
the portions common to the processing unit of FIG. 
6 and the explanation is omitted. 

The processing unit of FIG. 14 comprises input ' 
registers 16 and 17 for inputting data from the bus 
2 and for outputting data to the comparing sections 
5, 9, and the adding sections 6, 10. 

The processing unit of FIG. 14 is suitable for 
the operation processing of the pipe line structure 
shown in FIG. 15. 

For example, for executing the ACS operation 
at an operation execution stage of n-th 2 cycle 
in an instruction 1, an address for reading the path 
metric at an memory access stage of n-th cycle is 
supplied to the RAM 1'4 in advance. Then, data output 
from the RAM 14 is latched to the input registers 
16 and 17 via the bus -2 at a data transfer stage of 
n-th -J- 1 . 



The pipe shown in FIG. 15 is structured so that 
one data transfer stage is inserted between a memory 
access stage and an operation execution stage of the 
pipe line shown in FIG. 10. m other words, data 

5 output from the RAM 14 is determined at the in^put 
registers placed at the front of the respective 
operation devices (comparing sections 5. 9, and 
adding sections 6. 10). at a starting point of the 
operation execution stage. As a result, time 

) required for data transfer from the RAM 14 can be 
omitted . 

Therefore, according to this embodiment, the 
ACS operation of the Viterbi decoding using DSP can 
be executed in parallel at relatively high speed.' 
Note that the similar operation can be executed if 
the dual port RAM is used as the storing section for 
storing the path metrics. 

(Fifth Embodiment) 

FIG. 16 is a block diagram showing the structure 
of the processing unit of the fifth embodiment of 
the present invention. m the processing unit of 
FIG. 16. the same reference numerals are a.dd.ed to 
the portions common to the processing unit of FIG. 
14 and the_ explanation is omitted. 

In the processing' unit of FIG. 16. a swap 
Circuit 18 is added as compared with the processing 
unit Of FIG. 14. The swap circuit 18 directly, 
outputs data input from the branch metric storing 
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section 3 or swaps the high order position and the 
low order position so as to be output. 

The processing unit of FIG. 16 is suitable for 
the operation processing of the pipe line structure 
shown in FIG . 15. 

For example, let us assumed that data is input 
as double-precision data in a form of {BMl, BMO} from 
the branch metric storage 3. In th.is case, the swap 
circuit 18 has a function of switching whether 
values of two branch metrics are directly output as 
{BMl, BMO} or the high order position and the low 
order position are swapped so as to be output as {BMO, 
BMl} by an instruction. 

. The following will explain an operation of the 
swap circuit 18 using the convolutional encoder of 
FIG. 7 and the path metric transition state of the 
butterfly structure of FIG. 8 where the constraint 
length K=4 and the code rate is 1/2. 

As shown in FIG. 17, the ACS operation, which 
is executed at the time of the transition from the 
nodes NO and Nl of the old state to the nodes N'O 
and N'4, and the ACS operation, which are executed 
at the time of the transition from the nodes n6 and 
N7 of the old state to the nodes N'3 and n'7, are 
compared with each other. As a' result, in both ACS 
operations , common branch metrics BMO and BMl are 
used and the relationship in which BMO and BMl are 
swapped is established. 
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The ACS operation, which is executed at the timo 
of the transition from the nodes NO and Ni to the 
node N'O. and the ACS operation, which is executed 
at the time of the transition from the nodes N6 and 
N7 to the node N'3 are performed by the comparing 
section 5 and the adding section 6. On the other 
hand, the ACS operation, which is executed at the 
time Of the transition from the nodes N3 and Nl to 
the node N'4, and the ACS operation, which is 
executed at the time of the transition from the nodes 
N6 and m to the node N'7, are performed by the 
comparing section 9 and the adding section 10. 

For this reason, if the branch metrics are. 
stored in the branch metric storing section 3 in both 
forms of {BMC. BMl } and {EMI. BMO}, the branch metric 
storing section 3 results in a redundant hardware 
source. 

The swap circuit 18 is used to solve such 
redundancy. For example, the branch metrics are 
stored in the branch metric storing section 3 in only 
the form of {BMO. BMl}. Then, the metrics in the 
form of {BMO. MBl} are input to the swap circuit 18. 

The swap circuit 18 swaps -the metrics in the form 

of {BMO. BMl} or the metrics in the form of {BMl. 

BMO} so as to be output by an instruction. Thereby." 

redundancy of the branch metric storing section 3 

canbeomitted. 

The above embodiment was explained using the 



nodes NO, Nl, N6, N7 of the old state where the 
constraint length K=4 and the code rate was 1/2. 
However, the aforementioned relationship can be 
established using even the nodes N2, N3 , KM, N5. 
Also, the aforementioned relationship can be 
established using the other combinations of the 
constraint length K and the code'rate. Therefore, 
the similar operation can be executed. Moreover, 
the similar operation can be executed even if the 
dual port RAM is used as the storing section for 
storing the path metrics. 
(Sixth Embodiment) 

FIG. 18 is a block diagram showing the structure 
of the processing unit of the sixth embodiment of 
the present invention. In the processing unit of 
FIG. 18, the same reference numerals are added to 
the portions common to the processing unit of FIG. 
16 and the explanation is omitted. 

As compared with the processing unit of FIG. 
16, in the processing unit of FIG. 18, the comparing 
section 5 comprises adders 19, 20, and a comparator 
21, and the adding section 6 comprises adders 22 and 

23. Also, the comparing section 9 comprises adders 

24, 25, and a comparator 26, and the adding section 
10 comprises adders 27 and 28. 

In FIG. 18, the adders 19 and 20 input data from 
the bus 4 and the input register 16 and add- these 
input data. The comparator 21 inputs addition 
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results from the adders 19 and 20 and compares the 
addition results, and outputs a comparison result 
to the comparison result storing section 7 and the 
selecting section 8. The adders 22 and 23 input data 
from the bus 4 and the input register 16 and add these 
input data"; and — o-utput addition results to the 
selecting section 8. 

The adders 24 and 25 input da.ta from the bus 
4 and the input register 17 and add these input data. 
The comparator 26 inputs addition results from the 
adders 24'and 25 and compares the addition results, 
and outputs a comparison result to the comparison 
result storing section 11 and the selecting section. 
12. The adders 27 and 28 input data from the bus 
4 and the input register 17 and add these input data, 
and output addition results to the selecting section 
12 . 

The processing unit of FIG. 18 is suitable for 
the operation processing of the pipe line structure 
20 shown in FIG. 15. 

Next, the ACS operation of the sixth embodiment 
will be explained. This explanation will be given 
using the convolutional encoder of FIG. 7 and the 
butterfly structure of FIG. 8 where the constraint 
length K=4 and the code rate"is 1/2. and the ACS 
operation result of FIG. 17. 

As shown in FIG. 18, two metrics are output as 
{A, B) from the input registers 16 and 17, and two 
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b-ranch metrics are output as {C, D) from the swap 
circuit 18. At this time, the adder 19 inputs the 
path metric {A} and the branch metric {C}, and 
outputs an addition result {A+C}. The adder 20 
5 inputs the path metric {B} and the branch metric {D), 
and outputs an addition result { b~+ D } . The 
comparator 21 inputs the- addition result {A+C} of 
the adder 19 and the addition result {B+D} of the 
adder 20, compares {A+C-(B+D)). and outputs the MSB 
10 of the comparison result. The adder 22 inputs the 
path metric {A} and the branch metric {C}, and 
outputs the addition result {A+C}. The adder 23 
inputs the path metric {B} and the branch metric {D} , 
and outputs the addition result {B+D}. 
la On the other hand, the adder 24 inputs the path 

metric {A} and the branch metric {D},and outputs 
an addition result {A+D}. The adder 25 inputs the 
path metric {B} and the branch metric {C}, and 
outputs an addition result {B+C}. The comparator. 
26 inputs the addition result {A+D} of the adder 24 
and the addition result {B + C} of the adder 25, 
compares {A + D-(B + C)}, and. output the MSB of the 
comparison result. The adder 27 inputs the path 
metric {A} and the branch metric {D}, and outputs 
the addition result {A+D}. The adder 28 inputs the 
path metric {B} and the branch metric {C}, and 
outputs the addition resul-t {B + C}. 

By the above structure and the operation, if 
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two path metrics of the input registers 16 and i? 
are set to { A , B } = { PM i , pm 0 } and the outputs of the 
swap circuit 18 are set to { C , D ) = { BM 1 . BMO } , the ACS 
operation, which is executed at the time of the 
transit ion. from the nodes NO and Nl of the old state 
to the nodes N'O and N'4, can be realized. 

Also, if two path metrics of the input registers 
16 and 17 are set to { A , B.} = { PM 1 , PMO }• and the outputs 
of the swap circuit 18 are set to { C , D } = { BMO , BMl } , 
the ACS operation, which is executed at the time of 
the transition from the nodes NO and Nl of the old 
state to the nodes N'O and N'4, can be realized. 
Therefore, according to the sixth embodiment, 
the update of two path metrics can be realized at 
one machine cycle by the pipe line operation using* 
DSP. The above embodiment was explained using the 
nodes NO, Nl, N6, N7 of the old state where the 
constraint length K=4 and the code rate was 1/2. 
However, the aforementioned relationship can be 
established using even the nodes N2 , N3 , N4 , N5. 
Also, the aforementioned relationship can be 
established using the other combinations of the 
constraint length K and the code rate. Therefore, 
the similar operation can be executed. Moreover, 
tlie similar opera'tion can be executed even if the 
dual port RAM is used as the storing section for 
storingthepathmetrics. 
(Seventh Embodiment) 
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FIG. 19 is a block diagram showing the structure 
of the processing unit of the seventh embodiment of 
the present invention. In the processing unit of 
FIG. 19, the same reference numerals are added to 
the portions common to the processing unit of FIG. 
18 and the explanation is omitted. 

As compared with the processing unit of FIG. 
18, in the processing unit of FIG. 9 , an arithmetic 
logic section (hereinafter referred as "ALU") 29 is 
used in place of the comparator 21. Then, the 
processing unit of FIG. 19 comprises input registers 
30, 31, buses 3 2, 3 3, 3 7, 38, and selectors 34 and 
35 . 

In FIG. 19, the register 30 inputs data from 
the RAM 14 via the bus 37. The register 31 inputs 
data from the RAM 14 via the bus 38. The buses 32 ^ 
and 33 input data from a register file 36. The 
selector 34 selects an output of input data from the 
bus 32, the adder 19, and the input register 30. The 
selector 35 selects an output of input data from the 
bus 33, the adder 20, and the input register 31. The 
ALU 29 inp.uts data from the selectors 34 and 35 and 
executes an arithmetic logic operation, and outputs 
a result of the arithmetic logic_ operation to the 
bus 13. Also, the- ALU 29 outputs -the MSB of' the 
result of the arithmetic logic operation to the 
comparison result storing section 7 and the 
selectingsectionS. 



The processing unit of FIG. 19 is suitable for 
the operation processing of the pipe line structure 
shown in FIG. 15. 

In the case where the ALU 29 performs the ACS 
operation, the selector 34 selects an output of the 
adder 19 and inputs the selected output to the ALU 
29. The selector 35 selects an output of the adder 
20 and inputs the selected output- to the ALU 29. 
Then, the ALU 29 subtracts input two data, and the 
MSB of the subtraction result to the comparison 
result storing section 7 and the selecting section 
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In the case where the ALU 29 performs the 
arithmetic logic operation between the register- 
register, the selectors 34 and 35 select the buses 
32 and 33. respectively. Then, data, which is 
output to the buses 32 and 33 from the register file 
36. is input to the ALU 29. 

Also, in the case where the ALU 29 performs the 
arithmetic logic operation between the register- 
memory, the selectors 34 and 35 select the bus 32 
and the input register 31. respectively. Then, data, 
which is output to the bus 32 from the register file 
36, and data, which is output to the'input register 
31 from the RAM 14 via the bus 38. are input to the 
ALU 29. 

Conversely, m the case where the ALU 29 
performs the arithmetic logic operation between the 



memory-register, the selectors 34 and 35 select the 
input register 30 and the bus 33, respectively. 
Then, data, which is output to the register 30 from 
the RAM 14 via the bus 37, and data, which is output 
to the bus 33 from the register file 36, are input 
tTr-1:he ALU 29 . 

Also, in the case where the ALU 29 performs the 
arithmetic logic opera^tion between the memory - 
memory, the selectors 34 and 35 select the input 
registers 30 and 31, respectively. Then, data, 
which is input to the input registers 30 and 31 from 
the RAM 14 via the buses 37 and 38, is input to the 
ALU 29, 

Thus, according to the seventh embodiment, for' 
implementing the processing unit in an LSI form, one 
of the comparators for executing the ACS operations 
is used as ALU. Thereby, a chip area can be 
decreased, and the manufacturing cost can be reduced. 
Note that the similar operation can be executed even 
if. the dual-port RAM is used as the storing section 
for storing the path metrics. 

(Eighth Embodiment) 

FIG. 20 is a block diagram showing t'he structure 
of the processing unit of the eighth embodiment of 
the present invention! In the processing unit of 
FIG. 20, the same reference numerals are added to 
the portions common to the processing unit of FIG. 
19 and the explanation is omitted. 
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As compared with the processing unit of fig. 
19, in the processing unit of FIG. 20. two adders 
19 and 20 are formed by a 4:2 compressor 39, and two 
adders 24 and 25 are formed by a 4:2 compressor 40. 
In the 4:2 compressors 39 and 40, single blocks, 
shown in FIG. 21, corresponding to a number of single 
precision bits, are conn-ected in series. The 4:2 
compressors 39 and 40 execute an addition processing 
at higher speed than the general full adders. 

In FIG. 20, the 4:2 compressor 39 inputs data 
from the bus 4 and the input register 16, and outputs 
an operation result to the selectors 34 and 35. The 
4:2 compressor 40 inputs data from the bus 4 and the 
input register 17, and outputs an operation result' 
to the comparator 26. 

The processing unit of FIG. 20 is suitable for 
the operation processing of the pipe line structure 
shown in ? IG . 1 5 . 

Next, the ACS operation of the eighth 
embodiment will be explained. This explanation 
will be given using the con vo lu t i onal encoder of FIG. 
7 and the butterfly structure of FIG. 8 where the 
constraint length K=4 and the code rate is 1/2, and 
the ACS operation result of FIG. 17. 

First of all. two metrics are output as {A, B} 
from the inpu t r e g i s t e r s 16 and 17, and two branch 
metrics are output as {C, D) from the swap circuit 
1 8 . 
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Then, the 4:2 compressor 39 inputs the path 
metric {A} and the branch metric {C}, a reverse {~b} 
for path metric {B}, and a reverse {"D} for branch 
metric D, and outputs {A+C) and {B+D}. Two outputs 
{A+O and {B+D} of the 4:2 compressor 39 are input 
to the ALU 29 via the selectors 3 4~r;rd -3-5— s o as to 
be added. in this case, to realize two complements 
{5} and {D}, "1" is input to the 4 :. 2 compressor 39 
and the least significant carry input of the ALU 29. 
As a result, {A + C-(B + D)} is obtained and the MSB is 
-output from the ALU 29. 

Also, the adder 22 inputs the path metric {A} 
and the branch metric {C), and outputs the addition 
result {A+C}. Similarly, the adder 23 inputs the • 
path metric {B} and the branch metric {D}, and 
outputs the addition result {B+D}. 

On the other hand, the 4:2 compressor 40 inputs 
the path metric {A} and the branch metric {D}, a 
reverse {~B} for path metric {B), and a reverse {~C} 
for branch metric C, and outputs {A+C} and {B+D}. 
Two outputs {A+C} and {B+D} of the 4:2 compressor 
40 are input to the comparator 26 so as to be added. 
In this case, to realize two complement s { B } and { C } , 
"1" is input to the 4:2 compressor 40 and the least 
s.ignificant carry input of the comparator 25. As 
a result. {A+D-(B+C)} is obtained and the MSB is 
output from the comparator 26. 

Also, the adder 27 inputs the path metric {A} 



and the branch metric {D}, and outputs the addition 
result {A-fD}. Similarly, the adder 28 inputs the 
path metric {B} and the branch metric {C}, and 
outputs the addition result {B+C}. 

By the above structure and the operation, if 
two path metrics {A,B} of the input registers 16 and 
17 are set to {PM1,PM0} and the outputs {CD} of the 
swap circuit 18 are .set to {BM1,BM0}, the ACS 
operation, which is executed at the time of the 
transition from the nodes NO and Nl of the old state 
of FIG. 17 to the nodes N'O and N'4, can be realized. 

Also, if two path metrics {A,B} of the input 
registers 16 and 17 are set to {PMl,PMOy and the 
outputs {C,D} of the swap circuit 18 are set to 
{BM0,BM1}, the ACS operation, which is executed at 
the time of the transition from the nodes NO and Nl 
of the old state of FIG. 17 to the nodes N'O and N'4, 
can be realized. Therefore, the update of two path 
metrics can be realized at one machine cycle by the 
pipe line operation using DSP. 

Thus, according to the eighth embodiment, the 
use of the 4:2 compressors as the comparing section 
for executing the ACS operation can realize the 
higher speed commutation than the case using two 
adders. The above embodiment was explained using 
the nodes NO, Nl, N6, N7 of the old state where the 
constraint length K=4 and the code rate was 1/2-. 
However, the aforementioned relationship can be 
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established using even the nodes N2, N3, N4, N5. 
Also, the aforementioned relationship can be 
established using the other combinations of the 
constraint length K and the code rate. Therefore, 
5 the similar operation can be executed. Moreover, 
the similar operation can be executed even if the 
dual port RAM is used as the storing section for 
storing the path metrics. 
( Ninth Embodiment) 

10 FIG. 22 is a block diagram showing the structure 

of the processing unit of the seventh embodiment of 
the present invention". In the processing unit of 
FIG. 22", the same reference numerals are added to 
the portions common to the processing unit of FIG. 

15 20 and the explanation is omitted. 

As compared with the processing unit of FIG. 
20, in the processing unit of FIG. 22, double- 
precision adders 41 and 42 are used as adding 
sections, and at least one of the adders uses a 

20 • double-precision AU 41. 

In FIG. 22, the double-precision AU 41 inputs 
data in a double - precis ion form from the input 
register 16 and the bus 4 and executes a double- 
precision arithmetic operation. The double- 

25 precision adder 42 inpu.ts data in a do u b 1 e - pr e ci s ion 
form from the input register 17 and the bus 4 and 
executes a doub 1 e - pr ec i s ion adding operation. The 
double-precision AU 41 outputs an operation -result 
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to the selecting section 8 and the bus 13, and the 
output of the doub le - precis ion adder 42 is output 
to the selecting section 12. 

The processing unit of FIG. 22 is suitable for 
5 the operation processing of the pipe line structure 
shown in FIG . 15. 

For executing the ACS operation in the ninth 
embodiment, the double-precision AU 41 inputs two 
path metrics as {A, B)"in a double-precision form 

10 from the input register 16. Then, the double- 
precision AU 41 inputs two branch metrics as {C, D} 
in a double -preci sion form from the swap circuit 18 
via the bus 4, and executes a do ub 1 e - p r e c i s i on 
addition. At this time, the double - precis ion AU 41, 

15 as shown in FIG. 23, forcibly zeros the carry from 
the bit position of the single -precision MSB to a 
next stage, and executes two additions of the path 
metrics and the branch metrics, {A+C, B+D}, 
simultaneously . 

20 On the other hand, the double - precis ion adder 

42 inputs two path metrics as {A, B) in a 
double-precision form from the input register 17. 
Then, the doub 1 e - preci s ion adder 42 inputs two 
branch metrics as {D, C} in a double-precision form 

25 - from the swap circuit 18 via the bus 4. Then, the 
double - precis ion adder 42 forcibly zeros the carry 
from the bit position of the single-precision MSB 
to a next stage, and. executes two additions of the 
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path metrics and the branch metrics, {A+C, B+D}, 
simultaneously. 

Thus, according to the ninth embodiment, the 
double-precision AU 41 is used as the adding section 
•for executing the ACS operation. At the time of the 
AXS operation, the double - precis ion AU 41 forcibly 
zeros the carry from the bit position of the 
single-precision MSB to the next stage. At the time 
of the double-precision.'arithmetic operation other 
than the ACS operation, the control for propagating 
the carry is added. Thereby, for example, the 
double -precision AU 41 can be used as a double- 
precision accumulation adder at the time of product 
and addition operations. Therefore, in the case of 
implementing the processing unit in an LSI form, the 
chip area can be further decreased, and the 
manufacturing cost can be reduced. Note that the 
similar operation can be executed even if the dual 
port RAM is used as the s t or in g ' s ec t i o n for storing 
the path metrics . 

(Tenth Embodiment ) 

FIG. 24 is a block diagram showing the structure 
of the processing unit of the tenth embodiment of 
the present invention. In the processing unit of 
FIG. 24, the same r-eference numerals are added to 
the portions common to the processing unit of FIG. 
22 and the explanation is omitted- 

As compared with the processing unit of FIG.' 
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22, in the processing unit of FIG. 20, shift 
registers 43 and 44 are used as a comparison result 
storing section. 

In FIG. 24, the shift register 43 inputs the 
MSB of the operation result of the ALU 29 so as to 

be output to the bus 2 The shift register 44 inputs 

the MSB of the operation result of the comparator 
26 so as to be output to the bus 2. 

The processing uni't of FIG. 2 4 is suitable for 
the operation processing of the pipe line structure 
shown in .FIG . 15. 

For executing the ACS operation in the tenth 
embodiment, the BSM of the comparison result of the 
ALU 29 is shifted in the shift register 43 at any 
time. The BSM of the comparison result of the 
comparator - 2 6 is shifted in the shift register 44 
at any time. Thereby, a path select signal can be 
stored in the RAM 14. In this case, the path select 
signal shows which path of two paths has been 
selected, and is used in executing the trace-back 
after the end of the ACS operation. 

For example, in a case where the bit width of 
the shift register'43 and that of the shift register 
44 are s in gle - p r ec i s i on data widths, the path select 
♦signal can be stored when the ACS operation 
corresponding to a number of single-precision bits 
are executed. 

Thus, according to the tenth embodiment, the 
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shift registers are used as storing means for 
executing the ACS operations and for storing the 
comparison result. Thereby, for example, the shift 
registers can be used as an operation instruction 
for using a shift register of a division system. 
Therefore, in the case of implemen^i-ng the 
processing unit in an LSI form, the chip area. can 
be further decreased, and the manufacturing cost can 
be reduced. Note that ..the similar operation can be 
executed even if the dual port RAM is used as the 
storing section for storing' the path metrics. 
(Eleventh Embodiment) 

FIG. 25 is a block diagram showing the structure 
of the processing unit of the eleventh embodiment 
of the present invention. In the processing unit 
of FIG. 25, the same ref erence - numerals are added 
to the portions common to the processing unit of FIG. 
24 and the explanation is omitted. 

As compared with the processing unit of FIG. 
24, in the processing unit of FIG. 25, the input 
register 17 swaps the path metric data so as to be 
input from the bus 2. Then, 4:2 compressor 40 
directly inputs the branch metric data without 
swapping the branch metric data, and a negate value 
of the comparison result of the comparator 26 is 
shifted in the shift register 44. 

The processing unit of FIG. 25 is suitable for 
the operation processing of the pipe line structure 
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shown in FIG. 15. 

For executing- the ACS operation in this 
embodiment, two path metrics {A,B} are directly 
input to the input register 16 as {A,B}, and input 
to the input register 17 as {B,A} in a swapped state. 
After that, two branch metrics are input from the 
swap circuit 18 to the 4:2 compressor 40 as {C} and 
{ D}, and two path metrics are input from the input 
register 17 to the 4:2 compressor 40 as {3} and { ""A } , 
and {A+B} and {B+C} are output. 

Then-, the comparator 26 inputs two outputs 
{A+B} and {B+C} so as to calculate {A+D-B-C}. 

On the other hand, the double - precis ion adder 
42 inputs two branch metrics as {C, D} from the swap 
circuit 18, and inputs two path metrics as {B, A} 
from the input register. Then, {B+C} and {A+D} are 
simultaneously computed in parallel, and output to 
the selecting section 12 in the form of {B + C, A + D}. 

Then, the MSB of the comparison result is output 
to the selecting section 12 from the comparator 26, 
and the MSB of the negate value of the comparison 
result is output to the shift register 44. 

Thus, according to the eleventh embodiment, 
one of the input registers for storing two path 
metrics swaps d.ata to be input. As a result, since 
the need of the swapping operation at the. input of 
the 4:2 compressor 40 and that of the double- 
precision adder 42 can be - eliminated at the 



operation execution (EX) stage, the ACS operation 
can be executed at higher speed. Note that the 
similar operation can be executed even if the dual 
port RMA is used as the means for storing the path 
metrics . 

(Twelfth Embodiment) 

FIG. 26 is a block diagram showing the structure 
of a mobile station apparatus in the twelfth 
embodiment. A mobile station apparatus 45 shown in 
FIG. 26 comprises an antenna section 46. for both 
reception and transmission, a radio section 47 
having a receiving section 48 and a transmitting 
section 49, a base band signal processing section 
50 for executing a signal modulation and 
demodulation, and a signal coding and decoding, a 
speaker 58 for outputting a sound, a microphone 59 
for inputting a sound, a data input/output section 
60 for inputting/outputting data to be received and 
transmitted from/to an outer device, a display 
section 61 for displaying an operation state, an 
operation section 62 such as a 10-button keypad, and 
a control section 63 for controlling the respective 
par t s . 

The base band signal processing section 50 
comprises a demodulation section 51 for 
demodulating a received signal, a modulation 
section 52 for modulating a transmitted signal, and 
a DSP 53 of one chip. 
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The DSP 53 comprises a Viterbi decoding section 
55, which is formed by any one of the processing units 
of the first to eleventh embodiments. a 
convoiut ional coding section 56 for convolut ional 
coding the transmitted signal, a voice codec section 
57 for executing a voice signal coding and decoding, 
and a timing control section 54 for controlling 
timing for sending the received, signal to the 
Viterbi decoding section 55 from the demodulation 
section 51 and timing for sending the transmitted 
signal -to the modulation section 52 from the 
convolut ional coding section 56. These devices are 
formed by software, respectively. 

The control section 63 displays a signal input 
from the operation section 62 to-the display section 
61, receives the signal input from the operation 
section 62. Then, the control section 63 outputs 
a control signal for performing a calling operation 
to the antenna section 46, the radio section 47, and 
the base band signal processing section 50 in 
accordance with a communication sequence. 

If the voice is transmitted f rom . the mobile 
station apparatus 45, the voice signal input from 
the microphone 59 is AD converted by an AD converter 
(not" shown). Then, the converted signal is coded 
by the voice codec sectio.n 57 so as to be input to 
the convolut ional coding section 56. If data is 
transmitted, data input- from the outer section is 
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input to the convolut ional coding section 56 through 
the data input / output section 60. 

Data input to the convolut ional coding section 
56 is convolut ional coded, and the timing control 
section 54 sorts data and adjusts the transmission 
output t imi ng so as to output data to the modulation 
section 52. Data input to the modulation section 
52 is digitally modulated, AD converted, and output 

is 

to the transmitting section 49 of Lhe radio section 
47. Data input to the transmitting section 49 is 
converted to radio signals, and output to the 
antenna section 46 as radio waves. 

On the other hand, for outputting data received 
by the mobile station apparatus 45, the radio waves 
received by the antenna portion 46 are received by 
the receiving section 48 of the radio potion 47, AD 
converted, and output to the demodulation section 
51 of the base band signal processing section 50. 
Data demodulated by the demodulation section 51 is 
sorted by the timing control section 54, thereafter 
being decoded by the Viterbi decoding section 55. 

In the case of voice communications, decoded 
data is voice decoded by the voice codec section 57, 
and is DA converted, thereafter being output to the 
speaker 58 .as a voice. In the case of data 
communications, data decoded by the Viterbi 
decoding section 55 is output to the outer section 
through the data input/output section 60. 
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In the mobile station apparatus 45 of the 
twelfth embodiment, the respective parts of the 
Viterbi decoding section 55, the convolut ional 
coding section 56, the voice codec section 57, and 
5 the timing control section 54 are formed by software 

of one chip DSP 53. — Tirus^^ the mobile station 

apparatus 45 can be assembled by a small number of 
parts. Also, since the Viterbi decoding section 55 
is formed by any one of the processing units of the 

10 first to eleventh embodiments, the update of two 
path raetxics can be realized with one machine cycle 
in the pipe line processing using DSP 53. Thereby, 
the high speed ACS operation of the Viterbi decoding 
using DSP 53 can be realized with relative a small 

15 amount of processing. 

In this embodiment, the demodulation section 
51 and the modulation section 52 are shown to be 
differentiated from DSP 53. However, these devices 
can be formed by software of DSP 53. Also, the DSP 

20 of the sixth embodiment can be used as DSP 53, and 
the convolut ional coding section 56, the voice codec 
section 57, and the timing control section 54 can 
be formed by the other parts, respectively. 
(Thirteenth Embodiment) 

25 • rIG. 27 is ablockdiagramshcwingthestructure 

of a mobile station apparatus in the thirteenth 
embodiment. In a mobile station apparatus 45A of 
FIG. 27, the same reference numerals are added to 
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.the portions common to the portions of the mobile 
station apparatus 45 -of FIG. 26, and the explanation 
is omit t ed . 

As compared with the mobile station apparatus 
45 of FIG. 26, in the mobile station apparatus 45A 
of FIG. 27, a spreading section 65 is provi_d.eii in 
a modulation section 52A, and a despreading section 
64 is provided in a demodulation section 51A, so that 
a base band signal processing section 50A of a CDMA 
communication system is formed. In the case of the 
CDMA communication system, in some cases, a RAKE 
receiving section, in which a plurality of fingers 
selected from a delay profile are adjusted to each 
other, is included in the timing control section 54. 

Thus, in the mobile station apparatus 45A in 
the thirteenth embodiment, the despreading section 
64 is provided in the demodulation section 51A and 
the spreading section 65 is provided in the 
modulation section 52A. Thereby, the mobile 
station apparatus 45A of the thirteenth embodiment 
can be applied to the CDMA communication system. 
(Fourteenth Embodiment) 

FIG. 23 is a block diagram showing the structure 
of a base station apparatus in the fourteenth 
embodiment . • - 

In FIG. 28. a base station apparatus 68 of the 
fourteenth embodiment comprises the antenna section 
46 having an antenna 66 for receiving and an antenna 
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.67 for transmitting, the radio section 47 having the 
receiving section 48 and the transmitting section 
49, a base band signal processing section 69 for 
executing a signal modulation and demodulation and 
5 a signal coding and decoding, the data input/output 
section 60 for inputting/outputting data to be 
received and transmitted from/to a cable network, 
and the control section 63 for controlling the 
respective parts. 

10 The base band signal .processing section 69 

comprises the demodulation section 51 for 
demodulating the received signal, the modulation 
section 52 for modulating the transmitted signal, 
and one chip DSP 53A. The DSP 53A comprises the 

15 Viterbi decoding section 55, which is formed by any 
one of the processing units of the first to eleventh 
embodiments, the convolu t ional coding section 56 
for convolut ional coding the transmitted signal, 
and the timing control section -5 4 for controlling 

20 timing for sending the received signal to the 
Viterbi decoding section 55 from the demodulation 
section 51 and timing for sending the transmitted 
signal to the modulation section 52 from the 
c o n vo 1 u t i o n a 1 coding s ect ion 56. These devices are 

25 formed by SQ_ftware, respectively. 

When data is received to the base station 
apparatus 68 from the cable netv;ork, data is input 
to the convolutional coding section 56 through the 
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data input/output section 60. Then, data input to 
the convolu t ional coding section 56 is 
convolutional coded, and the timing control section 
54 sorts input data and adjusts the transmission 
output timing so as to output data to the modulation 
section 52. Data input to the modulation section 
52 is digitally modulated, AD converted, and is 
converted to radio signals by the transmitting 
section 49 . Then, the radio signals are transmitted 
from the antenna section 46 as radio waves. 

On t.he other hand, if data is received to the 
•base station apparatus 68 from the radio network, 
the radio v^aves received by the antenna portion 46 
are AD converted by the receiving section 48 and 
demodulated by the demodulation section 51 of the 
base band signal processing section 69. 
Demodulated data is sorted by the timing control 
section 54, and decoded by the Viterbi decoding 
section 55, thereafter being output to the cable 
network via the data input/output section 60. 

In the base station apparatus 68 of the 
fourteenth embodiment; the respective parts of the 
Viterbi decoding section 55, the convolutional 
coding section 56, and the timing control* section 
54 are formed by software of one chip DSP 53A. Thus, 
the base station apparatus 68 can be assembled by 
a small number of parts. Also, since the Viterbi 
decoding section 55 is formed by any one of th*e 
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.processing units of the first to eleventh 
embodiments, the update of two path metrics can be 
realized with one machine cycle in the pipe line 
processing using DSP 53A. Thereby, the high speed 
5 ACS operation of the Viterbi decoding using DSP 53A 

can be realized with relatively a small amount of 

processing . 

In this embodiment, the demodulation section 
51 and the modulation section 52 are shown to be 

10 differentiated from DSP 53A. However, these 
devices can be formed by software of DSP 53A. Also, 
the DSP of the sixth embodiment can be used as DSP 
53 A, and the convolutional coding section 56, the 
voice codec section 57, and the timing control 

15 section 54 can be formed by the other parts, 
respectively . 

(Fifteenth Embodiment) 

FIG. 29 is a bloc): diagram showing the structure 
of a base station apparatus in the fifteenth 
20 embodiment. In a base station apparatus 68A of FIG. 
29,. the same reference numerals are added to the 
portions common to the portions of the base station 
apparatus 68 of FIG. 28, and the explanation is 
omi 1 1 e d . 

25 As compared with the mobile station apparatus 

45 of FIG. 26, in the mobile station apparatus 45 A 
of FIG. 27, the spreading section 65 is provided in 
the modulation section 52A, and the despreading 



section 64 is provided in the demodulation section 
siA, so that the base band signal processing section 
50A of the CDMA communication system is formed. In 
the case of the CDMA* communication system, in some 
cases, the RAKE receiving section, in which the 
plurali ty o f fingers selected from the delay profile 
are adjusted tp each other, is included in the timing 
control section 54. 

Thus, in the base-station apparatus 68A of the 
fifteenth embodiment, the despreading section 64 is 
provided- in the demodulation section 51A and the 
spreading section 65 is provided in the modulation 
section 52A. Thereby, the base station apparatus 
68A of the fifteenth embodiment can be applied to 
the CDMA communication system. 

As mentioned above, the update of two path 
metrics can be realized with one machine cycle in 
the pipe line processing using DSP. Thereby, the 
high speed ACS operation of the Viterbi decoding 
using DSP can be realized with relative a small 
amount of processing. This makes it possible to 
downsize the portable terminal, reducing the weight, 
lowering the cost, and increasing the life of a 
battery. 



